Phosphorylation of smooth muscle myosin light chain kinase by Ca2+/calmodulin-dependent protein kinase II: comparative study of the phosphorylation sites.
Smooth muscle myosin light chain kinase (MLC-kinase) was rapidly phosphorylated in vitro by the autophosphorylated form of Ca2+/calmodulin-dependent protein kinase II (CaM-kinase II) to a molar stoichiometry of 2.77 +/- 0.15 associated with a threefold increase in the concentration of calmodulin (CaM) required for half-maximal activation of MLC-kinase. Binding of CaM to MLC-kinase markedly reduced the phosphorylation stoichiometry to 0.21 +/- 0.05 and almost completely inhibited phosphorylation of sites in two peptides (32P-peptides P1 and P2) with reduced phosphorylation of peptide P3. By analogy, cAMP-dependent protein kinase phosphorylated MLC-kinase to a stoichiometry of 3.0 or greater in the absence of CaM with about a threefold decrease in the apparent affinity of MLC-kinase for CaM. Binding of CaM to MLC-kinase inhibited the phosphorylation to 0.84 +/- 0.13. Complete tryptic digests contained two major 32P-peptides as reported previously. One of the peptides, whose phosphorylation was inhibited in the presence of excess calmodulin, appeared to be the same as P2. Automated Edman sequence analysis suggested that both CaM-kinase II and cAMP-dependent protein kinase phosphorylated this peptide at the second of the two adjacent serine residues located at the C-terminal boundary of the CaM-binding domain. However, the other peptide phosphorylated by cAMP-dependent protein kinase, regardless of whether CaM was bound, was different from P1 and P3. Thus, MLC-kinase has a regulatory phosphorylation site(s) that is phosphorylated by the autophosphorylated form of CaM-kinase II and is blocked by Ca2+/CaM-binding.